I had the great good fortune-that I did not fully appreciate at the time-of working as a post-doctoral Fellow for 3y years (between 1967 and 1971) at The Sir
Fellow for 3y years (between 1967 and 1971) was fascinated by the possible implications of the existence of an unstable hapten, and would undoubtedly have worked on this problem had he not movedshortly afterwards to an Administrative post. Abraham also realized that the chemistry of the reaction we were studying would become much clearer if we applied the relatively new technique of nuclear magnetic resonance. This is howI came to observe the /3-lactamase mediated hydrolysis of a cephalosporin in an NMRspectrometer, all reagents being fully deuterated, in collaboration with Eva Richards, the wife of the inventor of the technique, Rex Richards. Abraham's training as a chemist gave him an insight into the biochemistry of micro-organisms that opened up entirely new horizons. However, this precise discipline also accounted for a refusal to allow the publication of any phenomena that could not be fully explained, notwithstanding the fact that the biological literature is full of observations without adequate explanations, Heatley. When Heatley had to fly to the USAduring the war to brief his Americancollaborators on the culture of Penicillium chrysogenum, he impregnated the inner seams of his jacket with fungal spores, so that in the event of his aeroplane being shot down there was a chance that the fungus could be recovered if his coat were found. Again, it is no secret that during the early days of the penicillin work relations between Heatley and Chain broke down completely. They refused even to be in the same laboratory unless it was absolutely necessary, and did not speak to each other at all. Whencommunication between them was essential for the continuance of the project, Abraham had to act as a go-between. Many feel that Heatley's contribution has not been emphasized sufficiently. For example, his ingenuity in inventing and developing the plate diffusion assay10) has had a permanent influence of the practice of medical microbiology. Heatley was an incredibly precise man; I recall watching him during a very mundane journal club taking copious notes with a mappingpen in tiny, amazingly neat writing on the inside of a used envelope that he had opened up. He perfected the mercury piston pipette, and once showed me a micropipette he had made from discarded scraps of glass and rubber tubing. Heannounced with great pride "this delivers precisely 1.32juY\ I did not ask him what he intended to use it for, but I dare say he VOL.53 NO. 10 THE JOURNAL OF ANTIBIOTICS found a purpose for it. Abraham had signed the Official Secrets Act during the war when he was working on penicillin, and this had, amongother things, a lasting effect on the way he gave or showed papers to his colleagues. Long after he stopped handling secrets he used to slide documents over a desk, usually face down, instead of handing them out openly. As he soon discovered that I found it quite easy to read script that is upside down, he could not help being instinctively slightly suspicious when I was on the other side of a table on which he had papers, however innocent their content was. He was highly amused once when a visitor from the USSRat the height of the Cold War flew into a rage when he caught sight of a document labelled Top Secret lying on a bench when he was being shown round the Laboratory, thinking this was a trap designed to discredit him. In fact, the documentwas manyyears old, and it was there purely by chance; all its contents had become commonknowledge.
Another encounter that Abraham had with the USSR caused him slightly less pleasure: on a lecture tour he was told that royalties were due to him for the manufacture of cephalosporins in that country, but that the accumulated roubles could be spent only in the USSR. He remarked with a wry smile that all he could have bought was a balalaika.
Howthe Cephalosporins were Developed
Brotzu decided in 1945 to test the sea water from around a sewage outflow pipe close to the University of Cagliari in order to explain the apparent absence of cases of typhoid (endemic in Sardinia at that time) arising from bathing in the sea and eating shellfish harvested in the vicinity.
Among the organisms he isolated was a filamentous fungus identified as Cephalosporium acremonium(now renamed Acremoniumchrysogenum) that when grown in his laboratory inhibited several important
Gram-positive and Gram-negative pathogens. Brotzu used crude culture filtrates from this fungus to treat localized infections such as abscesses and systemic infections such as typhoid and brucellosis. Having published his findings in the one and only number of a journal specifically created for this purpose11\ he sought advice as to how more could be found out about his discovery, as he was aware that facilities to do this did not exist locally. {e.g. penicillins G, V, O, K and F), in which the sidechain is not ionized. Penicillin N was difficult to purify, but in the early to mid 1950s was regarded as a potentially extremely valuable antibiotic due to its activity against Gram-negative pathogens, many of which were resistant or had acquired resistance to the few antibacterial agents clinically available at that time. Penicillin N was given an approved name (adicillin) and a few clinical trials were done, but when ampicillin came on the market production was discontinued.
It was during the studies on penicillin N that the crucial experiment was carried out in which cephalosporin C was discovered, by a chance observation. Abraham and Newtonneeded to knowthe precise molecular weight of penicillin N; as the antibiotic was only available as a crude solution containing manyimpurities, their strategy was to convert penicillin Ninto its isomeric penillic acid, that was easy to isolate and purify, and determine the molecular weight of the latter. This involved acidification of an impure antibiotic solution that had been concentrated, and separation of various componentsin the resultant mixture on an ion exchange column monitored by following the ultraviolet absorption of the fractions. After the desired product, the penillic acid of penicillin N, had been eluted the columnwas for somereason kept running, revealing a later peak14). This turned out to be cephalosporin C, that was present in a very small amount and that had too low an intrinsic antibacterial activity to have been recognized by remove the sidechain of cephalosporin C in 40% yield, and this figure has been improved to 90% by later developments. Finally, it was found possible to expand the 5-membered thiazolidine ring in penicillins, via a sulphoxide, to the 6-membered dihydrothiazine ring, leading to a cephalosporin directly without the need to isolate 7ACA18). Although Abraham was not involved in this particular work, the reaction fits in neatly with his continuing interest in the biosynthesis of cephalosporins19), OCT. 2000 as a crucial stage in this is the involvement of an "expandase" enzyme that converts penicillin N into deacetoxycephalosporin C, precisely analogous to the chemical reaction mentioned above.
Afterthoughts
Abraham wrote in 197020): "some of the problems which had to be faced in the development of the cephalosporins seemed at the time to be so formidable that one wondered whether their solution would be possible". Given the soil screening programmes that were being actively pursued up until the end of the 1970s, and bearing in mind that several genera of bacteria (e.g. Streptomyces spp., Azotobacter spp., Lysobacter spp., Xanthomonas spp., Flavobacterium spp.) as well as fungi produce cephem antibiotics (e.g. cephamycins and cephabacins as well as cephalosporins), it seems quite likely that cephalosporins would have been discovered eventually. However, even had this been the case, it is doubtful whether they would have reached the pre-eminent position they occupy today, for which we have to thank chiefly Sir Edward Abraham.
